In this letter, we introduce a quantum circuit to implement teleportation of N-qubits. We analyze the teleportation algorithm to simplify the operations to be implemented by 'Bob' (the receiver) in order to obtain the teleported N-qubit state.
Introduction
In 1993, C. Bennet et al. 1 suggested the possibility of teleportation of an unknown one qubit state by making use of a Bell state. They also generalized this algorithm to the case of N-qubit states.
In 1998, G. Brassard 2 developed a quantum circuit in order to implement one qubit teleportation in terms of Quantum Computing.
Finally, M. A. Nielsen and I. L. Chuang 3 present the Brassard algorithm in terms of Haddamard and C-NOT gates by showing that the operations to be implemented by de receiver "Bob" were the quantum gates Z M1 X M2 . Here M 1 and M 2 are the outcomes of the measurement of the first and second qubit respectively.
The objective of the present letter is to develop a simple quantum circuit to implement the N-qubit teleportation in terms of Quantum Computing.
Useful notations
We need to use a notation in order to simplify the use of N-qubit states. Thus, we shall denote by k n a chain of bits, no matter how long, where k n is the representation of the natural number k by n bits.
We also adopt the Iverson notation, which has been used by D. Knuth 4 . The Iverson notation associates to each property p a number such that
Then, the Iverson delta is defined as:
Some properties of the Iverson delta are:
Another notation we shall use is the following
Teleportation algorithm
Let us consider the quantum circuit depicted in Figure 1 , where |ψ n is the N-qubit state to be teleported. The input to our circuit will be |ψ n plus 2n auxiliary (or ancilla) qubits all in the state |0 . According to the notation introduced in section 2, we write this input as |ψ n 1 |0 n 2 |0 n 3 . Let us see what kind of operations undergoes the input up to the vertical dotted line in Figure 1 .
First of all, the N auxiliary qubits n + 1, . . . , 2n (the qubits of the input |0 n 2 ) pass through respective Haddamard gates. Then each of these qubits passes through a C-NOT gate with each auxiliary qubits of the list 2n + 1, . . . , 3n (these of the input |0 n 3 ). (See Figure 1) producing the following complete entanglement of 2n qubits:
This is the analogous to the Bell state used in the one qubit teleportation. (EPR pair 5 ) Following the usual teleportation protocol, Alice (sender) and Bob (receiver) move away from each other. Alice keeps the 2n qubits | Next, Alice will make the C-NOT operation between each pairs of qubits in the positions k and k + n, with k = 1, . . . , n, producing the following state of 3n qubits:
and then, she will apply the Hadamard gate to each of the n former qubits. As a consequence, the final state of the 3n qubits becomes
or equivalently (as will be shown in section 4)
This result clearly shows that, in order to obtain the original n-quibit state |ψ n , Bob must apply the (
transformations on his n-qubits.
Formal proof of the identity (6)
Along the present section, we present a proof of (6). The strategy makes use of the induction principle.
Two qubits
Next, we display all terms in (5). Then, after the algebraic manipulations described below, we shall obtain our final formula (6).
where
Formula (5) can be displayed as
In this sum, we have four type of terms:
• Two terms with |0, 0 = |a 1 . . . a n 0a n+1 . . . a 2n 0 . The sum of these two terms gives |0, 0 |ψ n+1 .
• Two terms with |0, 1 = |a 1 . . . a n 0a n+1 . . . a 2n 1 . The sum of these two terms gives |0, 1 X |ψ n+1 .
• Two terms with |1, 0 = |a 1 . . . a n 1a n+1 . . . a 2n 0 . The sum of these two terms gives |1, 0 Z |ψ n+1 .
• Finally, two terms with |1, 1 = |a 1 . . . a n 0a n+1 . . . a 2n 0 . it gives |0, 0 XZ |ψ n+1 .
Therefore, (7) can be written as: 
